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Abstract
Background: There is a growing interest in beef cattle breeding in Sweden. The majority of the females are bred
naturally, which is why it is important to choose healthy fertile bulls to obtain good reproduction and profitability.
The breeding soundness evaluation includes measurement of scrotal circumference (SC). Our aim was to analyze if
the SC of performance tested beef bulls has changed over the years. In total, 1332 bulls (Angus, Charolais, Hereford
and Simmental) from 13 batches (1997-2010) were included in the study. Case book entries from final evaluation of
the bulls, 11-13 months old, were compiled and analyzed.
Results: An overall mean SC of 34.7 cm independent of breed and age was found which is above the set
minimum level. Only eleven bulls did not reach the minimum level. An increase in SC of 0.06-0.07 cm/year was
shown for all breeds. In all (1997-2010), the increase of the average SC (independent of breed and age) was
approximately 1 cm. The positive trend was apparent for all breeds but only statistically significant for the Charolais
breed.
Conclusions: In conclusion, our results indicated an increase in the SC over time, which improves the possibilities
to obtain performance tested beef sires in Sweden with the potential for achieving better fertility results.
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Background
Beef production is currently an increasing agricultural
sector in Sweden with more than one third (192 501) of
all Swedish cattle being beef breeds [1]. The majority of
the females (> 98%) are bred naturally [2] with the
intention of obtaining one live calf per female and year.
Thus, selection of herd sires is a critical decision affect-
ing reproductive performance and profitability, since the
fertility of the bull is of greater importance for the total
pregnancy result than that of the individual female [3].
Sub-fertile bulls delay conception, prolong the calving
season, reduce calf weaning weights and increase female
culls [4]. It is thus important to examine the bull’s po-
tential fertility, by applying a so called Bull Breeding
Soundness Evaluation (BBSE) procedure, where a general
health check, an andrological evaluation, collection of a
semen sample and an evaluation of the bull’s mating
ability are included [3]. In the andrological evaluation,
the scrotal circumference (SC), among other parameters,
is measured. Several studies (e.g. [5-7] have shown a
high correlation between scrotal circumference and
paired testes weight, which is correlated with daily
sperm production and semen quality, thus making the
scrotal circumference an indirect measurement of the
sperm-producing capacity of the testicles. Bulls with
large SC have half-sib heifers and daughters with earlier
puberty and greater fertility (reviewed by [8]). Several
studies have shown a moderate correlation between
breed means for yearling SC and age at puberty in
heifers and a high correlation to the fertility of female
offspring, which is why SC responds well to selection
(reviewed by [8]). Unfortunately, the majority of the
Swedish beef bulls used for breeding are still bought
without first having undergone a BBSE.
Previously, (until 2010/11), approximately 170 beef
bull calves were tested annually at the performance sta-
tion in Gismestad near Linköping, Sweden. The bull
calves were between five to eight months old at arrival
and the testing period was approximately six months.
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on their BLUP (Best Linear Unbiased Prediction)-values.
At the performance testing station the bull calves were
gathered in different groups according to breed and were
raised together under the same conditions, being evalu-
ated for growth rate, health, sustainability and tempera-
ment. Since traditionally there was a focus on their
growth rate, the bulls were weighed every second week.
In connection with weighing, the testes and epididy-
mides were palpated. If defects or deviations were found
at the examination, the bulls were culled. Approximately
six months later, when the bulls were between 11 and 13
months old, when only approximately half of the initial
number of bulls remained, a final measurement of the
scrotal circumference (SC) was done to see if they reached
the minimum threshold values set for SC for each breed,
and the genital organs were examined for the last time just
before the yearly auction (Lilja-Ambuhm M, personal
communication, 2010). Since the bulls were sold at the
auction at a relatively low age (11-13 months) almost half
of them were considered not to have a completely normal
semen picture yet [9], and since no semen samples were
collected at the simplified BBSE applied at the perform-
ance testing station, the palpation findings and the scrotal
circumference measurements were the only indicators of
the bulls’ potential fertility. It has, however, been shown
that bulls with a small SC at one year of age did not catch
up over time and would still have small SC measurements
at 2 years of age. Therefore, final decisions based on SC
could be made by the time bulls are approximately 12
months old [10].
The aim of this study was to analyze the change, and
possible trend, in the mean scrotal circumference of
batches of Swedish performance tested beef bulls at
around 365 days of age over time (1997-2010).
Methods
In total, 1332 bulls from four of the most common beef
breeds in Sweden (Angus, n =120; Charolais, n =713;
Hereford, n =216 and Simmental, n= 283) from 13
batches of bulls from 1997 to 2010 were included in the
study. All bulls included were housed at the same per-
formance testing station (the only one in Sweden) and
on arrival, at approximately six months of age, they were
divided into groups of 10-20 animals, based on breed
and body weight. Each group was kept in a semi-
outdoor pen with a concrete floor and straw as bedding.
They were fed a complete-ration feed ad libitum with
approximately 60% of the energy provided by silage and
40% by concentrate. The bulls were weighed every
second week throughout the testing period (September-
March) and at the end of the period, an individual
growth index was calculated. Besides growth rate, con-
formation, temperament and SC were evaluated. The
minimum threshold values for SC at 365 days of age
used at the performance testing station were for Angus/
Charolais 31 cm, Hereford 30 cm and for Simmental 29
cm. Case book entries from the final evaluation occasion
of the bulls, before the auction, were compiled and ana-
lyzed. The clinical evaluations and scrotal circumference
measurements were all made by the same person during
the whole study period (1997-2010). First the gait of the
bull was assessed at a walking pace and at trot and then
the bull was placed in a crush and the testes and epididy-
mides were carefully palpated, the size of the testes
assessed, the prepuce inspected and the scrotal circumfer-
ence measured with a metal scrotal tape (Sullivan Supply
Inc; Dunlap, Iowa, USA).
Statistical analyses
Data were handled and analyzed using the SAS-program
(ver. 9.2, SAS Inst. Inc., Cary, NC, USA). Mean values,
standard deviation (SD) and correlations were calcu-
lated, and the variation in scrotal circumference was
analyzed using analyses of variance (PROC GLM)
according to a statistical model including the effects of
breed, and the linear regressions within breed of age,
year and weight at evaluation. P-values<0.05 were con-
sidered to be significant.
Results
The results showed an overall mean scrotal circumfer-
ence of 34.7 cm. The mean SC (± SD) for the different
breeds and batches are shown in Table 1. The overall
mean (± SD) age and weight of the bulls at the time of
the final evaluations were 356 days (±21.0) and 595.6 kg
(± 61.8), respectively. Average age, weight and mean scro-
tal circumference for each breed and year are shown in
Figures 1, 2, 3 and 4. The average (± SD) scrotal circum-
ference adjusted to 365 days (according to [11]) for the
different breeds during 1997-2010 were 36.6 cm (±2.2) for
Hereford, 34.8 cm (±2.3) for Charolais, 35.4 cm (±2.2) for
Angus and 37.4 cm (±2.4) for Simmental.
Positive correlations were found across breeds between
scrotal circumference and age (r=0.42, p< 0.0001), between
scrotal circumference and weight (r=0.49, p < 0.0001) and
between weight and age (r= 0.55, p < 0.0001).
For the Charolais breed a statistically significant increase
in the scrotal circumference was seen during the studied
period (0.073 cm/year, p<0.0008) after adjusting for age
and weight. For the other breeds (Angus, Hereford and
Simmental, respectively) the same trends were seen, in abso-
lute figures, (0.063 cm/year, 0.065 cm/year, and 0.064 cm/
year, respectively), but the increase was not statistically sig-
nificant(p< 0.247,p< 0.074,andp< 0.085,respectively).
In total, 11 out of 1332 bulls did not reach the mini-
mum levels for scrotal circumference stipulated at the
Eriksson et al. Acta Veterinaria Scandinavica 2012, 54:74 Page 2 of 6
http://www.actavetscand.com/content/54/1/74performance testing station at the time of the final
evaluation during 1997-2010.
Discussion
The average scrotal circumferences for the performance
tested bulls were 34.7 cm independent of breed and age.
The average scrotal circumference, adjusted to 365 days
of age for the different breeds, was always above the
minimum SC threshold values set for approval at the
performance testing station. The averages of the scrotal
circumference in our study were, in general, higher than
those in earlier studies, complied by Barth [11]. One rea-
son for this might be that the minimum threshold values
used at the performance testing station in Sweden are
higher than the Canadian recommendations for mini-
mum scrotal circumference values, which probably have
led to a more pronounced selection towards larger scro-
tal circumferences in our study. However, the majority
of the studies on which Barth (2000) based his compil-
ation were performed between 20 to 40 years ago; hence
the SC measurements of those studies might not be con-
sidered completely relevant in comparison with scrotal
circumference measurements found today. In addition,
Barth [11] emphasizes that ultimately bulls should be
selected for a scrotal circumference that is in line with
the average or higher, instead of just reaching the set
minimum SC threshold values (usually based on the
mean minus 2 standard deviations), in the same way as
selections for growth rate and other traits are made, to
hasten breeding progress.
Only a few bulls, 11 out of 1332 during the studied 13
batches of bulls, were culled at the final evaluation due
Table 1 Average (±SD) for scrotal circumference (cm) for the different breeds and years studied (n= 1332)
Batch Angus n Charolais n Hereford n Simmental n Bulls (n), total
1997/1998 32.3±1.8 7 32.7±2.0 58 32.9±2.7 20 35.4± 1.7 16 101
1998/1999 32.4±0.5 5 33.9±2.4 47 33.5±2.3 23 35.6± 2.0 13 88
1999/2000 34.9±1.5 11 33.3±1.9 41 34.5±2.3 19 35.1± 2.5 14 85
2000/2001 33.3±2.1 10 32.8±2.7 43 33.1±2.2 16 36.5± 1.9 14 83
2001/2002 35.2±3.2 11 33.7±2.4 70 34.2±1.5 16 37.8± 2.6 33 103
2002/2003 33.7±3.1 7 33.4±2.3 37 33.4±2.3 9 37.6± 3.1 12 65
2003/2004 36.2±2.2 13 35.5±2.6 70 34.6±2.3 12 37.7± 2.4 31 126
2004/2005 37.7±2.1 3 35.7±2.3 42 34.6±2.3 10 37.1± 2.8 16 71
2005/2006 35.6±2.1 10 34.9±2.3 57 35.8±2.4 10 38.5± 2.0 21 98
2006/2007 35.3±1.9 10 34.1±2.9 56 35.9±2.4 18 37.5± 3.5 26 110
2007/2008 34.8±2.3 9 34.2±2.2 62 33.6±2.3 21 37.1± 2.7 30 122
2008/2009 34.1±1.4 13 33.7±2.4 61 32.8±2.1 20 36.7± 2.0 28 122
2009/2010 34.6±2.6 11 34.6±2.4 69 34.0±2.1 22 37.8± 1.9 29 131
In total 34.7±2.4 120 34.1±2.5 713 34.0±2.4 216 37.2± 2.6 283 1332
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Figure 1 Age (days), weight (kg) and scrotal circumference (cm), and trend for change in scrotal circumference for Angus bulls
(n=120) at final examination during 1997-2010.
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were culled earlier due to too low scrotal circumference
before the final evaluation are not included, which
makes the total number of rejected bulls somewhat
higher. Since it only concerns very few bulls altogether
during the whole time period, according to the veterin-
arian in charge (Lilja-Ambuhm M, personal communica-
tion, 2010), the total number of bulls that did not fulfill
the minimum threshold values set for the SC at the sta-
tion was still very low.
O u rf i n d i n g sc o n c u rw i t hp r e vious observations that an
increased age results in a higher body weight and also to
some extent in a higher scrotal circumference [12], since a
certain correlation can be seen among these parameters.
Apart from age and weight, other factors can also influence
the scrotal circumference measurements of the bulls in the
different batches, such as ambient temperature at the time
of examination [13]. Throughout the years, the final
evaluation has taken place in February and March in the
semi-outdoor barn at Gismestad. Recordings of the prevail-
ing temperatures in the barn at t h et i m ef o rt h ef i n a le v a l u -
ation are, unfortunately, not available and therefore the
influence of a possible suboptimal ambient temperature
cannot be assessed in our study.
The results from our study showed, however, that
there has been a gradual increase in the scrotal circum-
ference of 0.06-0.07 cm/year for all breeds during the
studied period (1997-2010). In total, the increase in the
average scrotal circumference (independent of breed and
age) among young Swedish performance tested beef
bulls was almost 1 cm during these 13 years. Although
the positive trends over time were similar for all studied
breeds in absolute figures, the increase was only statisti-
cally significant for the Charolais breed, which was nu-
merically over-represented compared to the Hereford,
Angus and Simmental breeds.
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Figure 2 Age (days), weight (kg) and scrotal circumference (cm), and trend for change in scrotal circumference for Charolais bulls
(n=713) at final examination during 1997-2010.
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Figure 3 Age (days), weight (kg) and scrotal circumference (cm), and trend for change in scrotal circumference for Hereford bulls
(n=216) at final examination during 1997-2010.
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a similar investigation regarding performance tested
Angus-bulls in Canada and concluded that there had
been an increase in the SC of approximately 1 cm during
the last 15 years, which is accordance with our results.
This indicates that despite using only the set minimum
SC threshold values for selection purposes, a certain in-
crease in the scrotal circumference can be reached over
time. In Canada, however, some breeders have taken into
account the high heritability of scrotal circumference, and
used the average values for the breed in question when
making their sire selections instead of the minimum scro-
tal circumference values, thereby achieving considerable
breeding progress by their strategy (Barth 2000).
In many countries electro ejaculation is routinely used
when conducting BBSE but this technique is prohibited
on unanaesthetized animals in Sweden and in many other
European countries [14]. Collection of semen using an
artificial vagina is by far the most common method used
in Swedish dairy bulls. However, this method is considered
too difficult, time consuming and sometimes dangerous
for routine semen collection from untrained beef bulls
under field conditions. Consequently, semen from yearling
beef sires is not evaluated at all before the bulls are offered
for breeding purposes. Breeding for a larger SC ought, in
the long run, to result in a larger proportion of bulls
having reached puberty and a normal sperm quality at the
time for their final evaluation at about 365 days of age,
than the 48% that Persson and co-workers reported earlier
[9] based on assessments of semen samples obtained from
post mortem examination of genital organs from bulls at
the performance testing station during 1999-2003. A lar-
ger proportion of sexually mature bulls at the time of the
final evaluation at approximately 12 months of age would
facilitate the application of a complete BBSE procedure,
whereby a semen sample collected by transrectal massage
could be routinely included [15]. It is generally accepted
that sires with above-average SC produce female offspring
that reach puberty earlier (0.75-10 days) and have greater
lifetime reproductive potential. A possibility to select for
bulls with larger testicles could be to start to use a certain
scrotal circumference value for each bull relative to all the
other bulls at the performance testing station within the
same breed and batch in line with the value that is cur-
rently calculated for the growth rate of the individual bull.
Our study showed that the average scrotal circumfer-
ence measurements for the performance tested beef
bulls in Sweden were somewhat higher than those inter-
nationally set and that very few bulls did not reach the
minimal SC requirements. However, the vast majority of
beef bulls used for breeding purposes has not been sub-
jected to any BBSE at all. Thus, information about
scrotal circumference measurements is lacking for the
majority of the beef bulls used for breeding in Sweden
today. This is unfortunate and needs to be more care-
fully addressed by the breeding organizations in Sweden
and also by the insurance companies that, at present,
apply no minimum SC threshold values before insuring
beef bulls.
Conclusions
Our results indicate that it is possible to increase the SC
in Swedish performance tested beef bulls over time by
applying a minimum threshold value for the scrotal cir-
cumference. This trend for an increase in the SC over
time may have also improved the possibilities to obtain
performance tested beef sires at the auction with
increased potential for achieving better fertility results.
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Figure 4 Age (days), weight (kg), scrotal circumference (cm), and trend for change in scrotal circumference, for Simmental bulls
(n=283) at final examination during 1997-2010.
Eriksson et al. Acta Veterinaria Scandinavica 2012, 54:74 Page 5 of 6
http://www.actavetscand.com/content/54/1/74Competing interests
The authors declare that they have neither financial nor non-financial
competing interests.
Authors' contribution
PE participated in the design of the study, collected and analyzed the data,
and drafted the manuscript. NL performed the statistical analysis and helped
to draft the manuscript. LS participated in the design and coordination of
the study, analyzed the data and helped to draft the manuscript. All authors
read and approved the final manuscript.
Acknowledgement
We would like to acknowledge DVM Mats Lilja-Ambuhm, at the performance
testing station, for invaluable help with the data collection.
Author details
1Department of Clinical Sciences, Division of Reproduction, Swedish
University of Agricultural Sciences (SLU), Box 7054, Uppsala SE-750 07,
Sweden.
2Department of Animal Breeding and Genetics, Swedish University
of Agricultural Sciences (SLU), Box 7023, Uppsala SE-750 07, Sweden.
Received: 14 November 2012 Accepted: 11 December 2012
Published: 15 December 2012
References
1. Swedish Board of Agriculture: Recent statistics on livestock. Livestock in
June 2012 [online] Jönköping. http://www.jordbruksverket.se/
swedishboardofagriculture/statistics/statsec/
livestock.4.2d224fd51239d5ffbf780003029.html.
2. Swedish Dairy Association: Cattle statistics. Stockholm: Swedish Dairy
Association; 2012.
3. McGowan M: Approach to conducting bull breeding soundness
examinations. In practice 2004, 26:485–491.
4. Kastelic JP, Thundathil JC: Breeding soundness evaluation and semen analysis
for predicting bull fertility. Reprod Dom Anim 2008, 43(Suppl 2):368–373.
5. Coulter GH, Keller DG: Scrotal circumference of young beef bulls:
relationship to paired testes weight, effect of breed and predictability.
Can J Anim Sci 1982, 62:133–139.
6. Coe PH: Associations among age, scrotal circumference, and proportion of
morphologically normal spermatozoa in young beef bulls during an initial
breeding soundness examination. J Am Vet Med Assoc 1999, 214(11):1664–1667.
7. Menon AG, Barkema HW, Wilde R, Kastelic JP, Thundathil JC: Associations
between sperm abnormalities, breed, age, and scrotal circumference in
beef bulls. Can J Vet Res 2011, 75(4):241–247.
8. Barth A: Evaluation of potential breeding soundness of the bull. In
Current therapy in large animal Theriogenology 2. Edited by Youngquist RS,
Threlfall WR. Philadelphia: Saunders Elsevier; 2007:228–240.
9. Persson Y, Söderquist L: The proportion of beef bulls in Sweden with Mature
spermiograms at 11-13 months of age. Reprod Dom Anim 2005, 40:131–135.
10. Barth A: Pubertal development of Bos taurus beef bulls. Le Medecin
Veterinaire du Québec 2004, 38:1–2. 54-55.
11. Barth A: Physical soundness, Bull breeding soundness evaluation. 2nd edition.
Saskatoon, Saskatchewan, Canada: The Western Canadian Association of
Bovine Practitioners; 2000. 9, 11, 21.
12. Entwistle K, Fordyce G: Factors influencing scrotal size, Evaluation and reporting bull
fertility. Indooroopilly: Australian Association of Cattle Veterinarians; 2003:27–28.
13. Wenkoff MS: The evaluation of bulls for breeding soundness. Canadian
Veterinary Medical Association: Ottawa Canada; 1988.
14. Palmer CW, Amundson SD, Brito LF, Waldner CL, Barth AD: Use of oxytocin
and cloprostenol to facilitate semen collection by electroejaculation or
transrectal massage in bulls. Anim Reprod Sci 2004, 80(3–4):213–223.
15. Persson Y, McGowan M, Söderquist L: Comparison between the sperm
morphology in semen samples obtained from yearling beef bulls by
transrectal massage of the ampullae and cauda epididymal dissection.
Reprod Dom Anim 2006, 41(3):233–237.
doi:10.1186/1751-0147-54-74
Cite this article as: Eriksson et al.: Changes in mean scrotal
circumference in performance tested Swedish beef bulls over time. Acta
Veterinaria Scandinavica 2012 54:74.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Eriksson et al. Acta Veterinaria Scandinavica 2012, 54:74 Page 6 of 6
http://www.actavetscand.com/content/54/1/74